An experiment is described examining the effect of combining spatial and temporal task demands on performance, workload, and stress associated with perceptual discriminations at two levels of difficulty. The effect of intermittent bursts of white noise was also examined. According to the maximal adaptability model, the joint effects of task type, noise exposure, and discrimination difficulty should produce a performance decrement as well as increased perceived workload and stress. Although results conformed to expectation for task manipulation, intermittent white noise and discrimination difficulty did not have the interactive effect predicted according to the maximal adaptability model. Implications for future research are discussed.
INTRODUCTION
Traditional models of stress and performance have focused either on the properties of stressful stimuli (e.g., noise, temperature) or on the physiological and psychological response of the individual (for reviews see Hancock & Szalma, 2007; Szalma & Hancock, in press ). However, in most operational settings the most proximal stressor is often the task and hand (Hancock & Warm, 1989 ). The role of task characteristics in influencing stress response was incorporated into the maximal adaptability model of Hancock and Warm (1989) . In that model, they decomposed task characteristics along two fundamental dimensions that of information structure and information rate (see Figures 1 and 2 ). Information structure refers to the organization of task elements, and is a spatial dimension. Information rate represents the temporal dimension of tasks. According to the model, the spatial and temporal properties of task contribute to the level of adaptive function by the individual. Further, they argued that if the task and the environmental characteristics (e.g., noise) could be accurately quantified, the adaptive state of the individual could be expressed as a vector combining these factors (see Figure 2 ).
Hancock and Warm articulated the factors that influence the cognitive and physical status of the individual (i.e., the level of behavioral and physiological adaptation), but they also proposed a mechanism by which this adaptation occurs. They argued that on way in which individuals adapt to stress is by narrowing their attention to focus on certain environmental cues to the exclusion of others. Following Easterbrook (1959) , they argued that failures in behavioral adaptation occur when the cues necessary for successful performance are excluded. Easterbrook's (1959) original conception was spatial in nature, and has been shown to occur both central and peripheral locations (Dirkin & Hancock, 1984; 1985; Hancock & Dirkin, 1983) . This conception was recently extended by Hancock and Weaver (2005) to include the temporal dimension. Thus, Hancock and Weaver (2005) argued that the distortions in time perception associated with episodes of extreme stress are due to the same attentional narrowing mechanisms associated with spatial narrowing.
The proposal that the distortions of space and time follow similar mechanisms suggest the hypothesis that processing demands associated with these two task dimensions may draw on similar resource capacities (Hancock, Szalma, & Weaver, 2002) . However, a limitation of the Hancock and Warm (1989) model is that the two task dimensions have not been quantified, nor have their relation to one another been adequately explored. In a previous experiment Ross, Szalma, Thropp, and Hancock (2003) reported that the two perceptual dimensions may not share common perceptual mechanisms. In that study, they manipulated the relative dominance of spatial and temporal task properties, and also employed a third condition in which these two properties were combined. If the two dimensions share a perceptual mechanism, one would expect that combining the demands into the same task would induce less adaptive behavior (i.e., poorer performance and higher perceived workload and stress). Ross and her colleagues did not find evidence supporting this contention. However, the tasks they used were relatively easy and the additional stress used, 85dBA white noise, may not have been sufficiently demanding and stressful to produce the expected differences. In this study a more difficult perceptual discrimination was employed and an additional, more intense white noise condition was added. It was hypothesized that if the spatial and temporal dimensions share a common mechanism, combining these demands into a task should impose greater demand and task-induced stress on the observer. Further, these effects should be exacerbated by increasing the difficulty of the perceptual discrimination and exposing the individual to loud, intermittent bursts of white noise. In terms of the maximal adaptability model, it is hypothesized that spatial-temporal demands, noise, and perceptual difficulty will jointly impact the individual's level of adaptation (i.e., performance, perceived workload, and stress response). Understanding the nature of such interaction is a necessary first step toward realizing the vector representation Hancock and Warm (1989) proposed. Figure 1 . The extended-U relationship between stress level and response capacity. At the center of the continuum is the normative zone which reflects optimal functioning. Outside of this is the comfort zone which reflects the behavioral recognition of a state of satisfaction. Beyond this lies the reaction of psychological or cognitive performance capacity. Finally, the outer envelope is composed of physiological functioning. There are proposed strong linkages between the deviation from stability at one level being matched to the onset of radical failure at the more vulnerable level which is nested within it. The model is symmetrical in that underload (hypostress) HAS MIRROR effects to overload (hyperstress) which is considered usually as the commonly perceived interpretation of stress. Figure 1 is now expanded into a three-dimensional representation by parsing the base "hypostress-hyperstress" axis into its two component elements of spatial and temporal characteristics. Note that any one source of input stress can be described as a scalar on the base axis and these scalars can be summed to provide a multi-input stress vector which then provides a prediction of both performance and physiological adaptability which are the primary descriptors on the vertical axis.
EXPERIMENTAL METHOD

Experimental Participants
Participants in this experiment were thirty female and thirty male members of the University of Central Florida community (n=60). They ranged in age from 18 to 39 years old, with a mean age of 21.4 years. Participants were volunteers and received course credit in exchange for participation.
Experimental Design
The present experiment was a 2 (discrimination difficulty) by 3 (task type) by 3 (noise exposure) mixed design with repeated measures on the first two factors. The task types were spatial-dominant, temporal-dominant, and combined. The spatial-dominant task featured height discrimination of a vertical line as a primary component, the temporal-dominant task required temporal discrimination of a vertical line, and the combined task required both height and temporal discriminations. To control for the added demand of two discriminations in the combined condition, a luminance discrimination was also required in the spatial-dominant and temporal-dominant conditions. Pilot work ensured that the three discriminations were of equivalent difficulty. Each specific task was approximately seven minutes in duration.
Experimental Tasks
All three tasks in this experiment required the discrimination of vertical lines presented on a background mask of .4 mm diameter white circles on a black background. The stimuli for the 'spatial-dominant' task were constructed by a factorial combination of line height (short and tall) and luminance value. Further, there were two difficulty levels of the spatial discrimination, such that the short height remained constant at 32 mm, whereas the tall height was 34.5 mm in the easy condition and 33.5 mm in the difficult condition. This resulted in four stimulus types per spatial task, all of which were presented in the center of the screen. Targets consisted of lines of a short height and higher luminance. Non-targets were cases in which the line was of short height and of lower luminance, or tall height of either luminance. Thus, there was one target and three possible distracters. Stimulus duration in this task was uniform at 300 msec.
The stimuli for the 'temporal-dominant' task were constructed by a factorial combination of line presentation duration (short and long) and luminance value. Further, there were two difficulty levels of the temporal discrimination, such that the short duration remained constant at 300 msec, whereas the long duration was 490 msec in the easy condition and 430 msec in the difficult condition. This resulted in four stimulus types per temporal task, all of which were presented in the center of the screen. Targets consisted of lines of a short duration and higher luminance. Non-targets were cases in which the line was of short duration and of lower luminance, or long duration of either luminance. Thus, there was one target and three possible distracters. Stimulus height in this task was uniform at 32 mm.
The stimuli for the 'spatial-temporal combined' task were constructed by a factorial combination of line height (short and tall) and presentation duration (short and long). As in the spatial-dominant and temporal-dominant tasks, there were two difficulty levels of the combined discrimination, such that for the temporal discrimination, the short duration remained constant at 300 msec, whereas the long duration was 490 msec in the easy condition and 430 msec in the difficult condition. Likewise, for the spatial discrimination, the short height remained constant at 32 mm, whereas the tall height was 34.5 mm in the easy condition and 33.5 mm in the difficult condition. This resulted in four stimulus types per combined task, all of which were presented in the center of the screen. Targets consisted of lines of a short height and a short duration. Non-targets were cases in which the line was of short height and of long duration, or tall height of either duration. Thus, there was one target and three possible distracters.
The stimulus presentation frequency was twenty-four events per minute, as this is considered a high event rate (Davies & Parasuraman, 1982) . There was an average of one signal per minute (average signal probability=4.2%). The order of stimulus presentation was randomized for each participant. In all tasks, the participant responded by pressing the '1' key if a non-target appeared and the '2' key if a target appeared. Thus, participants were instructed to respond to all lines presented. Appropriate responses occurring within 2.5 seconds of the onset of a target were recorded as Correct Detections (Hits) while all inappropriate responses were recorded as Misses. Appropriate responses occurring within 2.5 seconds of the onset of a non-target were recorded as Correct Rejections while all inappropriate responses were recorded as False Alarms (FA). Non-responses to both targets and non-targets within 2.5 seconds were regarded as No Responses (NR).
Ambient Noise Conditions
For the two noise groups, intermittent white noise of either 85 or 90 decibels on the A-weighted scale was presented via headphones during the three seven-minute blocks. The intermittency was composed of ten four-second, eight six-second, five eight-second, and four ten-second duration noise bursts. The order and times of administration of noise was randomized across each session. The total duration of white noise per task was one hundred sixty-eight seconds. Observers in the quiet condition also wore headphones to control for the effects of this additional stimulation. The ambient sound level in the quiet condition was measured at 65 decibels on the A-weighted scale.
Perceived Workload and Stress
Perceived workload was assessed using the shortened version of the NASA Task Load Index (TLX; Hart & Staveland, 1988) , which provides ratings reflecting the relative contributions of six sources of workload: Mental Demand, Temporal Demand, Physical Demand, Performance, Effort, and Frustration. Self-reports of stress were measured using the shortened version of the Dundee Stress State Questionnaire (SSQ; Helton, 2004 ; see also Matthews et al., 2002; Matthews et al., 1999) . The shortened version provides scores on three scales reflecting the indivdiual's cognitive state. These are Task Engagement, Distress, and Worry. Following the instructions for the first task participants completed the pre-SSQ, after which they began the first task. Upon completion of each task, participants were administered the post-SSQ and the NASA-TLX. Order of instrument administration was counterbalanced across participants. This order was then repeated after each of the remaining five tasks.
EXPERIMENTAL RESULTS
Performance
ANOVAs were performed on the arcsin transforms of the hit and false alarm rates. For hits, statistically significant effects were observed for difficulty, F(1,57) =10.88, p=.002, and for task, F(2,114)=8.493, p<.001 . For difficulty, the proportion of correct detections was lower in the conditions requiring a more difficult perceptual discrimination. With respect to task, the hit rate associated with the combined task (M=.68) was lower than that associated with either the spatialdominant (M=.75) or the temporal-dominant (M=.77) tasks. The hit rates for the latter two conditions did not differ significantly from one another. For false alarms, a significant effect was observed for task, F(2,114)=10.52, p<.001, and a difficulty by task interaction, F(2,114)=3.68, p=.03. Tests for the simple effects of task with in each difficulty revealed that the false alarm rates for the three tasks did not differ significantly form one another for the easier discrimination (p=.2), but that in the more difficult conditions a significant task effect was observed, F(2, 118)=12.50, p<.001. Post hoc tests using the Bonferroni correction indicated that there were more false alarms associated with the combined task (M=.29) than with the spatial-dominant (M=.21) or temporal dominant (M=.19) tasks. The latter two conditions did not differ significantly from one another.
Although the proportion of zero false alarm rates across conditions and participants was low (.93%), the proportion of 100% hit rates was rather high (26.11% of scores). In such circumstances parametric SDT measures can be biased (see Davies & Parasuraman, 1982; Szalma, Hancock, Warm, Dember, & Parsons, 2006) . Hit and false alarm rates were therefore used to compute nonparametric SDT measures of sensitivity and response bias ( A' and β D '' ). For sensitivity, ANOVAs revealed significant effects for difficulty, F(1,57) =10.11, p=.002, and task, F(2,114)=7.58, p=.001 . The more difficult discriminations were associated with lower sensitivities. For the task effect, post-hoc analyses revealed that observers were less sensitive in the combined condition (M=.76) than in the spatial dominant (M=.82) or temporal dominant (M=.83) conditions. The latter two conditions did not differ significantly from one another. For response bias, significant effects were observed for difficulty, F(1,57) =4.23, p=.04, and task, F(2,114)=3.62, p=.03 . Greater conservatism was associated with the more difficult discrimination. With respect to task, post-hoc analyses indicated that the temporal dominant task (M=.05) induced greater leniency than the spatial task (M=.20). The bias associated with the combined condition (M=.19) did not differ significantly from that of the other two conditions, although there was a trend for greater conservatism relative to the temporal-dominant condition.
Workload
ANOVAs indicated no significant differences among conditions for global workload (p>.05 in each case). Among the subscales, statistically significant effects were observed only for mental demand and a marginal effect associated with physical and temporal demand. For mental demand, a significant task effect was observed, F(2,114)=5.69, p=.004. Post-hoc analyses indicated that the mental demand for the combined task (M=57.35) was greater than that associated with the spatial-dominant task (M=51.44). The mental demand associated with the temporal task (M=54.37) was not significantly different from that of the other two conditions. For mental demand a significant difficulty by noise effect was also observed, F(2,57) =3.59, p=.03 . Tests for the simple effects of difficulty within each noise condition indicated no significant differences in mental demand as a function of difficulty for the noise conditions. A significant difference was observed for the quiet condition, with the greater mental demand associated with the more difficult task.
The ANOVA for physical demand revealed a marginal noise effect, with a trend for greater physical demand associated with the 85dB noise condition (M=23.97) relative to the quiet condition (M=13.18). A marginal task effect was observed for temporal demand, with a trend for greater temporal demand associated with the combined task (M=46.56) relative to the spatial dominant task (M=42.61).
Stress State
For task engagement a significant effect was observed for difficulty, F(1, 57)=4.42, p=.04, with a greater pre-post drop in TE for the more difficult condition. A marginal task effect was observed, F (2,114)=2.79, p=.066 ,with a trend for greater TE drop associated with the combined task (M= -1.12) relative to the temporal-dominant task (M=-.85). A marginal task effect was also observed for distress, , F(2,114)=2.73, p=.070 , with a trend for the distress associated with the combined condition (M=.81) to be greater than that for spatial (M=.64) or temporal (M=.66) dominant tasks. A significant difficulty effect was observed for worry, F(1, 57)=13.32, p=.001, with a smaller drop in worry associated with the more difficult task. Thus, the difficult condition were associated with a greater drop in TE and a smaller decrease in worry, indicating relatively higher levels of subjective stress relative to the conditions requiring the easier discriminations.
DISCUSSION
The performance effects associated with combining spatial and temporal task demands were consistent with expectation. Thus, perceptual sensitivity was lower in conditions in which demands on the two dimensions were combined. However, contrary to expectation, this pattern of performance effects did not depend on discrimination difficulty or noise level. In the case of the former, it may be due to the difficulty of both discrimination conditions. Although the differences were statistically significant, the perceptual sensitivities were rather low even in the 'easier' condition. A larger difference in discrimination difficulty may have resulted in the expected interaction. The noise conditions did not impact performance as expected, perhaps because sensitivity was already low. Alternatively, it may be that continuous noise is required to induce performance and subjective state change rather than intermittent noise.
For perceived workload significant differences were observed only for mental demand. Consistent with the results for performance, combining the two demands increased the mental demand of the task, regardless of discrimination difficulty. This is consistent with the hypothesis described above, that if the two dimensions share resource capacities. With respect to difficulty in discrimination, the greater mental demand associated with a more difficult condition was observed only for the quiet control group. It seems that adding noise to the difficulty of discrimination masks the changes in perceived mental demand induced by changing discrimination difficulty. As noted above, however, such additional stress exposure was not sufficient to induce performance changes as a function of noise condition.
Note that the effect of noise and difficulty on mental demand, combined with the absence of a performance effect, is consistent with the nested model of Hancock and Warm (1989) . As is evident in Figure 1 , the model predicts that subjective comfort should failure before performance. Further, the performance impairment associated with combining the spatial and temporal characteristics was associated with a corresponding increase in mental demand. However, this was only true relative to the spatial case, suggesting that it may be that increasing the temporal demand in a spatial task is more detrimental than increasing the spatial demand in a temporal task. Further, the results for perceived stress were equivocal, with non-significant trends indicating less task engagement and greater distress when the two dimensions are combined. Overall, the results of the current experiment suggest that, contrary to the findings of Ross et al (2003) spatial and temporal dimensions may indeed draw on common resource mechanisms. However, it is also clear additional stressors, such as noise and discrimination difficulty, do not necessarily have an additive effect with the task parameters. The interaction of the spatial and temporal task demands with environmental disturbances (in this case, noise) and the difficulty of the task itself should be explored further to further examine the complex interactions among these variables with respect to both task performance and subjective response. If the vector representation presented by Hancock and Warm (1989) is to be realized, a more in-depth understanding of these interactions will be necessary.
